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What Are Simulations?

Many visiens oi Simulation i pepular
culture

s [he Vatiax trilegy’ off meVIes.
= “The 13" Eloor”
s “Tlhe Sims™ video game

Peoeple Understand Simulations te; mean a
“virtual* or “digital™ recreation ofi reality.




What Are Simulations?

SCIence Uses

Simulation in nmore , Sl
narrew. andl focused

sense.

Sclentiic Simulation =
digitally’ selve
mathematical models - -
el phenemena unRder
stuady:

HST image of jet from young star

Simulation of jet from young star



IHow Science Works: Astronomy.
Ohservation Vs, Theeny.

Ohsenrvation Theory,
= Use telescopes s Interpret data
x Visual/Infrared/X-rays:. = Global
a Gather Data Interpretation!
x Refine Data a Objects anal Classes
= First Cut at Interpretation of Objects
x Vathematicsi s
mMeans of

description.



Why Simulate?

Simuiation Js a thira way:

Use simuiation for “Hard.
Proplermnis:”.

viatiis language Wihichi
computers nelp.us “tramnsiate:.
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money

Money = Payrate * Time

Math: Easy vs Hard

Good job

money

Bad job

time

Money = investments + stock market +
Payrate * Time

time



Eluid Dynamics: The Equations of

E.v. 0(E +— P)=—p°A(T)

ot y —
Mass: p = mass denS|ty
Momentum: u = velocity
Energy: P = Pressure




[How: Computers Selve Problems: Space

» Take a continuous world and make It discrete.
* Break space into computational cells.
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How: Computers Selve Problems:
Time

« Advance the solutions in lots and lots of tiny steps.

AN y
My i
B gsas i O N <
> O ¢ N BE — U <
Zﬂ A/\]\rk \ o \‘& Y - \\A
& e AN = NN




2 SUPErnevea simulatieons




Who Needs Simulations?

Simulationis key/ for many/most areas; ofi SCIENce
and engineenng (NASA pushes envelope!)

a Climate/\Veather.

a1 Aeredymnamics.

s Autemotive engine design.

a Einancial Eerecastingl!

a Microchip design/fanrcation:

a Computer Netwerks !



Who Simulates?

Simulatien reguires: a varety: off kinds of
skills

a Viatihematics.

= Engineering.

s Computer Programming.
s Network management.
s Datalkase managements:
= Analysis.



Building| ScI-Games

2001 Adam Erank, Prof off Computatienal
Astrophysics atUniversity: off Rechester;
ferms Truth-N=Beatity: Sefitware via
techinoelegy: transier from NASA and NSE

Granits.

MiSsion: creates; simulauoen based learning
100IS.



Building| ScI-Games

Science “games: developed withfNASA
appear on DISCOVER, ASTRONOMY and
SCIENTIEIC AMERICAN WehsItes.

EdUcation; - anether example of using
simulation.



The Science off SatNetBuilder
Grant fiunding firem NASA CICI

Eaitherkiting
satellites andi deep
SPACE Prehes must
communicate with
gleund statiens; and
PErNaps, each ether.

Communication may.
PE IASLFUCLIONS,
Im dges, Instrument Figure 2, Backbone Network Elements
readings.




The Science of SatNetBuilder

Key: Roint - Tihe rate at WhIch Infermatien
can e passedl depends; en many. idctors
SUCHIas

a [he transmitting pewer of antennas.

s ['he sensitivity eff Freceivers.

x [[he distance between receiver andi sender.
a [he “visipility” of receiver and sender.




SatNetBuilder Science

Moere complex demanads 0N Space missiens
MEean meke conmplex demanadl fiel Space
commUunIcCatienNs NELWOIKS.

s Example: Mars proeke and Viars: eroiter must
tallk ter each other and te the Earth while
Earthrand Mars orbit Sun.

s Does It make sense: te also place relay-station
satellites In; erpit Petween the two: planets?



SatNetBuilder Science

NASA Space Communications project
expleres how terpbuild anintermet 1n

Space”

Reliable cheap network off satéllites which
any/ Space: missien could Use: asia network
“Dackbene”.

Venry cool ideal



Building the Internet in Space
MarsiVissien Step 1.

. Science Orbiters with

Backbone Network 4> ‘ . Comm. Cablllty
Proximity Networks —_- " i

Robotic Lander/
Sensor Network |

Telesat
Direct to Earth

Figure 1. Mars Near-Term Communication Architecture



Building the Internet in Space
MarsiViissien Step: 2

Backbone Network -l

Proximity Networks 4&=—>»
i—l.

s o e . _
Local Area Networks - Y, Communication

- MicroSats at 4,000 km

Figure 2. Mars Mid-Term Communication Architecture




Building the Internet in Space
Mars; Missien Step 3

MarSa w:
- Ad

HEDS Outpost

Optical Relay at
Earth Orbit

Formation
Flyers

Figure 3. Mars Far-Term Communication Architecture




SatNetBuilder

Concept: Allow students to explore: cieation| of
satellite: communications NENWOorK.

1o Bulld SatNetBurlder we had' to:
KIeW. orbitall PRy/SICS.

Know: eguations determiningl ‘Baud Rate”, rate
Infiermatien transfer fron transmitter: (satellite)
10 receiver (ground station)



SatNetBuilder vO

One satellite, many groundrstatiens.
YoU have a speciiic mission budgert.
EVeryining Costs.

MUst get: best: BaudiRaterand stay Withain
pPUdGEL.

Now. Inrfinall testing phase, due: oui In near
future.






2: Place Froum d Stations
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Conclusion

Simulatien IS key i all'aspects ofi SCIENCE,
engineerng; and PUsIness.

Lots of joh opportunities in simulatien (NASA
Needs goed people!)

Simulatien reguires understancding proklem: and
anpllity ter analyze Unexpectead results.

Simulation|is a great Way: te;learmn.
Intermet In space Is great frontier!
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